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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
An Antilock Brake System (ABS) is a closed loop control system that 
modulates the brake torque that is applied to the wheel in order to prevent the 
controlled wheel from becoming fully locked. 
 
ABS is among the most important safety systems in a vehicle. In automatic 
highway system, automatic brake actuation is a very important part of the overall 
vehicle control system. It prevents the wheel lock-up under critical braking 
conditions, such as those encountered with wet or slippery road surfaces and driver 
panic reaction (Bosch, 1995). By preventing the wheel lock-up, ABS ensures that the 
vehicle remains responsive to steering wheel inputs. Reduced stopping distance on 
account of ABS is more evident on wet or slippery road surfaces (Garrick et al., 
1998). 
 
 
 
1.2 Objectives of Study 
 
The objectives of this study can be stated as follows:  
 
i. To study an Antilock Brake System (ABS) including the non-linear 
characteristics and the time-varying nature of the system components  
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ii. To propose a new method of the intelligent ABS based on on-line Fuzzy-
Sliding Mode Control (on-line FSMC) approach  
iii. To introduce a new robust control employing Active Force Controller (AFC) 
which implemented to the ABS system 
iv. To study the performance of the proposed controller 
 
 
 
1.3 Scope of Study 
 
The scopes of this study can be stated as follows,  
 
i. Modelling of brake system dynamics 
The mathematical model of the system is developed from a quarter car model 
by considering the straight line braking with zero steering wheel input. 
ii. Modelling of hydraulic actuator system 
A nonlinear actuator employing hydraulic valve control was used as the 
controller element in the ABS system 
iii. Development of a nonlinear approach for controlling the ABS system based 
on Sliding Mode Controller (SMC) 
iv. Generation of fuzzy rules based on SMC-ABS using Adaptive Neuro-Fuzzy 
Inference System (ANFIS)   
v. Development of an intelligent control approach for the ABS system based on 
on-line Fuzzy-Sliding Mode Control (on-line FSMC) using gradient descent 
method 
vi. Development of a robust control approach for the ABS system based AFC 
scheme (SMC-AFC, FSMC-AFC, and Online FSMC-AFC) 
vii. Comparative study and performance analysis of the proposed control strategy  
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1.4 Problem Statement 
 
ABS is one of the automotive industry’s most recent attempts in enhancing 
passenger safety specifically related to accident avoidance. However, designing an 
ABS is a challenging task considering the fact that it is highly non-linear and a time 
varying system. The interaction between the tires and the road surface, the dynamics 
of the whole vehicle and the characteristics of key components in ABS (such as 
valves, brake chambers and brake pads) are all non-linear and time varying. 
Although a linear model can be derived through simplification, it is less accurate thus 
impedes the use of some advanced control strategy. 
 
Due to the nonlinearities of the brake actuation system, an intelligent and 
robust braking control system with a faster response is required to handle even 
sudden, extreme variations in driving conditions with little loss of traction and 
steering ability. The vehicle could stop optimally regardless of spilt surface condition 
while directional stability and control is maintained. Many different robust and 
intelligent controls have been developed and research on improved control methods 
is continuing. Algorithms such as sliding mode control, fuzzy logic control, adaptive 
control, neural network control, fuzzy-sliding mode, fuzzy-neural, etc. have been 
successfully presented. In this study, a number of advanced control methods applied 
to ABS is proposed and evaluated. 
 
 
 
1.5   Research Methodology 
 
The modelling and control of an Antilock Braking System is mainly done 
through a simulation. The Simulation study is performed using MATLAB /Simulink 
version 6.5. Prior to simulation, the vehicle brake dynamic system, hydraulic actuator 
and the controller methods were first modelled. The next step is the simulation for 
wheel slip control of ABS considering a straight line braking which consist of slip 
trajectory. The Sliding Mode Control (SMC) approach was first implemented as the 
main control strategy of the ABS system. Later, an intelligent control method 
employing an on-line learning using gradient descent method was then investigated 
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in the ABS based on SMC (SMC-ABS) system. This intelligent control requires an 
Adaptive Neuro-Fuzzy Inference System (ANFIS) tool to execute an off-line training 
procedure that produce the initial parameter and obtains the fuzzy rule. The Active 
Force Control (AFC) is also introduced and implemented into the ABS system at a 
later stage. The results were analyzed for each performance. Finally, a comparative 
study of the controllers was conducted. The methodology of executing this project is 
illustrated using a flow-chart diagram as shown in Figure 1.1. 
 
 
Figure 1.1 Flow-chart of the project implementation 
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1.6 Organization of the Thesis 
 
This thesis is organized into five chapters. Chapter 1 presents an overview of 
the project, objective and scope of the study and the methodology of carrying out the 
project.  
 
 Chapter 2 provides an overview of an Antilock Braking System (the history 
and its function), followed by a theoretical background of ABS control system.  It is 
also described the concept of ABS and some control strategies which have been 
implemented in the ABS system. Potential of the proposed controller is discussed in 
this chapter. 
 
 Chapter 3 discusses the mathematical model of the vehicle braking system 
and hydraulic actuator system. The sliding mode control approach is modeled and 
simulated for ABS using MATLAB/Simulink. The parameters used to run the 
simulation are shown in this chapter. 
 
 Chapter 4 deals with an intelligent control approach proposed for ABS. The 
discussion starts with the training of ANFIS in sliding mode ABS system. The 
intelligent control employing online learning using gradient descent method is then 
simulated and evaluated. This chapter also introduces the implementation of Active 
Force Controller on the ABS system. The performance of the proposed controller is 
evaluated based on the stopping distance achieved by each type of ABS control 
strategy.  
 
 Chapter 5 gives the overall conclusion on the study that has been done and 
the recommendations for future study are suggested. 
 
 
